1B). However, all three of the 18D cosmids tested were able to recruit MSL complex in wild-type males ( Figures  1C-1E ). 18Dcos3 and 18Dcos4 do not contain a highaffinity site, but nevertheless MSL complex was recruited to their insertion sites. This result demonstrates To determine whether the high-affinity site in 18Dcos5 has properties similar to roX genes, we assayed transgenic lines for MSL spreading. In wild-type, 18Dcos5 Summary transgenes showed stronger MSL binding than 18Dcos3 or 18Dcos4 and infrequently (Ͻ5%) showed very limited MSL complexes bind hundreds of sites along the sinspreading (usually two bands) ( Figure 1C , inset). The gle male X chromosome to achieve dosage compenspreading frequency at one location (56C) increased up sation in Drosophila. Previously, we proposed that ‫53ف‬ to 80% in roX1 Ϫ or roX2 Ϫ backgrounds (data not shown).
locations in the genome. The core of the consensus sequence within the roX genes, GAGAG and CTCTC, was not present within subclone 18D-5B, confirming that this MSL binding site is distinct. MSL binding sites in roX genes are coincident with male-specific DNase I hypersensitive sites (DHS) [4, 5] . Therefore, we assayed 18D-5B for DNase I hypersensitivity and found a malespecific site in the 3Ј part of the fragment ( Figure 3A) , consistent with the location of MSL binding based on our transgenic studies. To confirm that this male-specific DHS is caused by direct MSL complex interaction, we analyzed the region by chromatin immunoprecipitation (ChIP) using anti-MSL2 antibodies and salivary gland tissue. The larvae utilized had low MSL2 expression [6] , in which complexes bind only to high-affinity sites ( Figure 3B ) and also carried an extra copy of 18D10 (18Dcos5 at 56C). To evaluate the ChIP experiment, roX1 (positive control) and pka (negative control) primers were used to measure enrichment of roX1 in the immunoprecipitated DNA ( Figure 3C ). To locate MSL binding within 18D, we analyzed subfragments of the 8.8 Kb 18D-5B subclone by Southern blotting with probe prepared from the ␣-MSL2 IP ( Figure 3D ). Compared to the control IP, the 3Ј end of 18D-5B was enriched in the ␣-MSL2 immunoprecipitation ( Figures 3D and 3F ). This was further narrowed down to smaller subfragments ( Figure 3E) , showing that MSL binding overlaps the male-specific DHS. The binding activity maps to intergenic DNA 3Ј of CG12237, whose function is unknown ( Figure 3F ). These results show that the MSL complex interacts with 18D10 and modifies its chromatin structure as it does in the roX genes. However, unlike the roX genes, transcription of the 18D MSL binding site was not detected by Northern or RT-PCR using 18D DHS probes and primers (data not shown). Table S2 ). Interestingly, each cosmid as well as the characteristic diffuse appearance of the male X chromosome [12] [13] [14] . We analyzed four fly lines showed strong MSL binding in wild-type, and in at least one case (cos13E) there was even some apparent containing large X-ray-induced X to autosome transpositions obtained from the Drosophila stock center. Their spreading (Ͻ1% of nuclei). These results demonstrate that even without a nearby high-affinity site, some cytological locations and size are summarized in Supplemental Table S1 (see Supplemental Data available X-derived fragments contain cis-acting sequences for MSL complex binding. Our results raise the possibility with this article online). Males hemizygous for the inserted chromosome segment contain an unpaired porthat spreading in cis from the two roX genes may not be the major mechanism for MSL binding to the X chrotion of the polytene chromosome protruding from the wild-type autosome ( Figures 5A-5D, arrows) . As obmosome. Our focus in this study was to identify additional putaserved in line Tp (1;3) rb ϩ 71g (Figure 5D ), the region of transposed X chromosome appears as wide as the tive chromatin entry sites and understand how they attract MSL complexes and whether they, like the roX paired autosomes that flank the insertion, suggesting that the transposed section of chromosome adopts a genes, can nucleate MSL spreading. We were successful in isolating the site from cytological location 18D10, less compact chromatin structure similar to that of the intact male X chromosome. All four X to A transposition and we analyzed its primary sequence, chromatin structure, MSL interaction, and ability to nucleate spreading. stocks that we tested showed MSL binding within the transposed fragments, including two that lack a mapped
Four Tandem Repeats of a 510 bp
We found that the behavior of this site was significantly different from the behavior of roX genes in several ways. high-affinity site (Figures 5A and 5B) . These data provide further evidence that cis-acting sequences are present Our current data can be interpreted in the following framework ( Figure 5F ). Perhaps there are diverse DNA in large pieces of the X chromosome that enable them to recruit MSL complex regardless of whether they conrecognition elements on the X chromosome that have different affinities for MSL complex; high, intermediate, tain a putative chromatin entry site.
In contrast to the X to autosome transposition flies, or weak. High-affinity cis-elements, such as within the roX genes, do not require additional cis-elements for an autosome to X transposition stock lacked MSL staining of a region of the third chromosome that was transrecruiting MSL complexes and might be involved in multifold gene activation instead of 2-fold hypertransposed to the X. MSL1 protein was detected at sites flanking the break points of the transposition (Figure 5E To test the requirement of entry sites for recruitment cis-elements, which might explain occasional autoso- 
